This study investigates corrosion inhibition of X70 steel surfaces, by Butyl-QuaternaryAmmonium halides, in a 3% of NaCl solution with pH = 6. In the first part, the influence of inhibitor concentration study reveals that the I-TBA is the best inhibitor (≈79% on the X70 steel). Each compounds exhibits Langmuirian behaviour and the values of ΔG° indicate that we have a physical adsorption. In the second part, the influence of immersion time study on the stability of the formed films reveals that they are stable and require about 150 min to be established, and deliver efficiencies that overtake the 70% in all cases. The stationary polarization curves and electrochemical impedance spectroscopy (EIS) diagrams show the high inhibitory effect of iodide compared with other halides.
INTRODUCTION
Mild steel is widely applied as constructional material in petrochemical industries due to its excellent mechanical properties and low cost. The breakdown of passive oxide films by aggressive anions such as Cl -is frequently responsible for the failure of iron alloys in aqueous chloride solutions [1] . Organic nitrogen-based compounds such as amines and their salts have been used successfully as corrosion inhibitors in oilfield systems. In previous work, the mode of action of some amines to protect metals and alloys has been studied [2] [3] [4] [5] [6] [7] [8] [9] .These compounds adsorb on the metal surface and suppress metal dissolution and reduction reactions. D.P 978 Schweinsberg et al [10] found that the action of n-alkyl quaternary ammonium iodides is caused by the alkyl chain and this is attributed to van der Waals' forces. Other researchers [11] [12] have also studied the structure of alkyl groups and the types of halide ions of alkyl quaternary ammonium halides inhibitors greatly influence the inhibition efficiency. In this paper the effect of butyl quaternary ammonium halides for two steel X70 corrosion in 3% NaCl has been investigated using Tafel method and electrochemical impedance spectroscopy (EIS).
EXPERIMENTAL
The material tested in this study is the low alloy X70 mild steel. The chemical composition of the material is given in Table 1 .
The test media were 500 ml, 3 wt% NaCl prepared from reagent grade chemicals and bidistilled water. When needed, HCl or NaOH, were added to adjust the pH which is monitored with a pH/temperature (°C) meter. All experiments were conducted at pH = 6. The chemical structure of X-TBA is given in Figure 1 , where X is F, Cl, Br and I.
Potentiodynamic polarization measurements
For polarization studies, the X70 steel specimen was embedded in PVC holder using epoxy resin with an exposed area of 1.0 cm 2 as a working electrode. A platinum foil was used as a counter electrode. The reference electrode was a saturated calomel electrode (SCE) coupled to a Luggin capillary whose tip was located between the working electrode and the counter electrode. Before measurement, the electrode was immersed in a test solution at open circuit potential for 30 min until a steady state was reached. All polarization measurements were performed using TACUSSEL model PGP201 galvanostat / potentiostat corrosion 
EIS measurements
The electrochemical impedance spectroscopy measurements were carried out using AC signals of amplitude 10 mV peak to peak at open circuit potential in the frequency range from 10 kHz to 10 mHz, using TACUSSEL model PGZ401 at room temperature in an aerated solution, a three-electrode cell has been used as in potentiodynamic polarization curves. The working electrode has been prepared from a cylindrical rod of X70 steel to get an area exposed 
RESULTS AND DISCUSSION
The study of the inhibition of corrosion of X70 steel with different concentrations of X-TB:
The polarization curves of X70 steel in 3% NaCl in the presence of various concentrations of X-TBA are shown in Figure 2 . Table 2 illustrates the corresponding electrochemical parameters. The inhibition efficiency was calculated using the following equation:
where jcorr and j'corr are corrosion current densities without and with the inhibitor, respectively.
The inhibition efficiency increases with the presence of X-TBA. As can be found, with the increase of the halide ions F -, Cl -, Br -and I -corresponding to inhibitor F-TBA, Cl-TBA, Br-TBA and I-TBA respectively, the four compounds showed an acceptable performance, giving inhibition efficiency higher than 79 %, even at a very low concentration. 
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The inhibition efficiency of them follows the order F-TBA < Cl-TBA < Br-TBA < I-TBA, at high concentrations of all inhibitors, the values of cathodic slopes (βc) remain substantially unchanged. The reduction mechanism is not affected by the presence of these inhibitors.
In Table 2 , jcorr is the corrosion courent density, Ecorr the corrosion potentiel, βa the anodic Tafel slope, Rp the polarisation resistence and Vcorr the corrosion rate.
All the potential values are related to saturated calomel electrode (SCE)
The current densities on the anodic polarization curve were significantly reduced as inhibitor concentration is increased. The X-TBA is adsorbed at the anodic sites, since the diffusion limiting current of H + ions does not change with the application of inhibitor while the anodic reaction is greatly affected.
As it can be noted that the values of the polarization resistance are not increasing, this is due to the change in the values of the Tafel slopes.
Adsorption Isotherm at T=298 K
The adsorption of organic inhibitors at the metal/solution interface takes place through the replacement of water molecules by organic inhibitor molecules. According to the following process [13] .
Inh(sol) + xH2O(ads) → Inh(ads) + xH2O(sol)
Values of surface coverage (θ) equation (2) corresponding to different concentrations of X-TBA, were calculated using the Potentiodynamic polarization measurements at 298 K after 30 mn of immersion and were used to determine which isotherm best described the adsorption process. However, the best agreement was obtained using the Langmuir adsorption isothermal equation (3) as follows:
where C i is the concentration of inhibitor and Kads the adsorptive equilibrium constant. Figure 3 , and the linear regression parameters are listed in Table 3 Both linear correlation coefficient (r) and slope are close to 1, indicating that the adsorption of the investigated inhibitors on the steel surface obeys the Langmuir adsorption. Kads is related to the standard free energy of adsorption ∆Gads as shown in the following equation [14] :
Plots of Ci/θ against Ci yield straight lines as shown in
Values of ∆Gads up to -20 kJ/mol are consistent with the electrostatic interaction between the charged molecules and the charged metal (physical adsorption), while those more negative than -40 kJ /mol involve sharing or transfer of electrons from the inhibitor molecules to the metal surface to form a coordinate type of bond (chemisorption) [15, 16] .
The values of ∆Gads of the two compounds presented in Table 3 are located in a range between a -26.83 and 28.34 kJ/mol and this indicates physical adsorption. In addition to electrostatic interaction, there may be some other interactions.
Electrochemical impedance technique
Before testing the effect of the inhibitor by the EIS method, we optimize the immersion time without inhibitors. Figure 4 show the results EIS tests performed respectively with X70 steel after different immersion periods, it is seen that only one semicircle is shown and its diameter increases with increasing the immersion time from 60 min to 210min. Polarization resistance increases with the immersion time, but if it reached 150 min, the charge transfer resistance ( Table 4) value is substantially constant, this behavior is due to the gradual formation of the film due to the corrosion product of this type of steel. However, in the absence 
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of inhibitors, the polarization resistance value is minimal and does not allow a proper protection of steel.
The charge transfer resistance, Rct values are calculated from the difference in impedance at lower and higher frequencies, as suggested by Tsusu and Haruyama [17] . The correction in the capacitance to its real value is calculated using the relation (5) [18] .
The inhibition efficiency IE (%) was calculated using the charge transfer resistance as follows:
where Rct and R'ct are the charge transfer resistance in the absence and presence of inhibitor, respectively.
Nyquist impedance plots for the same experimental conditions are shown in Figure 5 . The Nyquist plots for X70 steel have the form of depressed semicircles with the center under the real axis. The depressed semicircle form is characteristic of dispersion in frequency and has been attributed to different physical phenomena such as roughness and inhomogeneities of solid surfaces during corrosion [19] . Increase in the diameters of the semicircles with the concentration of X-TBA indicates that there is an increase of protective properties of the steels surface. Thus, the capacitive semicircle is correlated with the dielectric properties and the thickness of adsorbed film.
The result suggests a passive state associated with the formation of a film inhibitor (semicircle at high frequency) while the low frequency semicircle charges transfer processes that are the salt of the film at local sites [20] [21] [22] . 
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CONCLUSION
Following the above conducted studies, broad conclusions were drawn; the X70 steel is not resistant for corrosion in 3% NaCl and at low acidity. Polarization resistance increases with immersion time until an optimal time of 150 min due to the formation of a protective film. Comparison between the investigated inhibitors reveals that I-TBA is the most efficient one due to its high IE% (78-79%) that was obtained at relatively low concentration. The adsorption on X-70 steel surface by inhibitors molecules, obey Langmuir isotherm, the adsorption is a spontaneous endothermic process. According to the values of free energy of adsorption obtained we recommend the Physical adsorption process.
